Introduction
============

Hepatocellular carcinoma (HCC) is the fifth most common cancer in the world.[@b1-ott-9-3841] Portal vein tumor thrombus (PVTT) was often found in 10%--40% patients when they were diagnosed with HCC.[@b2-ott-9-3841]--[@b4-ott-9-3841] PVTT is the independent prognostic factor of unsatisfied overall survival (OS). Mean survival in untreated PVTT patients is only 2--4 months.

According to the Barcelona Clinic Liver Cancer group, HCC patients with PVTT are often defined as Barcelona Clinic Liver Cancer stage C. Sorafenib used to be recommended to these patients.[@b5-ott-9-3841]--[@b7-ott-9-3841] However, median survival in patients with sorafenib is only \~6.5 months.[@b8-ott-9-3841] Nevertheless, many studies have figured out that surgery could significantly prolong OS in HCC patients with PVTT.[@b9-ott-9-3841],[@b10-ott-9-3841] The high incidence of postoperative HCC recurrence makes the OS rate unsatisfying.[@b11-ott-9-3841] Various postoperative adjuvant therapies were used to decrease HCC recurrence rate and thus prolong the OS.[@b12-ott-9-3841],[@b13-ott-9-3841]

Many studies have suggested that surgery combined with adjuvant transarterial chemoembolization (TACE) could increase the OS than surgery alone.[@b14-ott-9-3841],[@b15-ott-9-3841] The result of one meta-analysis showed that patients treated with surgery plus TACE not only obtained significantly longer disease-free survival (DFS) but also less mortality rate.[@b16-ott-9-3841] Another adjuvant therapy is radiotherapy (RT). Preoperative RT has been reported to prolong OS in selected HCC patients with PVTT.[@b17-ott-9-3841] Moreover, adjuvant RT could significantly prolong the DFS and OS in selected patients.[@b18-ott-9-3841] Adjuvant TACE and RT have been proven efficient for HCC patients with PVTT, but which therapy would be better remains controversial. Moreover, most of the evidence regarding adjuvant therapy comes from retrospective studies, and the results should thus be regarded with caution.

Here, we explored the efficacy and safety of postoperative adjuvant TACE and RT in HCC patients with PVTT. Thus, we aimed to find out a better way to prolong OS in HCC patients with PVTT.

Patients and methods
====================

Ethics statement
----------------

This study was approved by the Institutional Review Board of Guangxi Medical University and was conducted in accordance with the Declaration of Helsinki and internationally accepted ethical guidelines. During their admission for surgery, the patients enrolled in this study signed a written consent for their information to be stored in the hospital databases and used for research. During data collection, the patient records were anonymized. Patient admission and consent procedures have been described before.[@b19-ott-9-3841]

Patients
--------

This retrospective study involved 92 consecutive patients with PVTT admitted to the Affiliated Tumor Hospital of Guangxi Medical University for HCC hepatic resection. These patients were divided into three groups according to their adjuvant therapy from 2009 to 2010: RT group (n=10), TACE group (n=31), and conservative group (n=51).

To be included in our study, HCC patients: 1) had to be 18--75 years old; 2) have the presence of PVTT type I or II (PVTT not having reached the main trunk of the portal vein);[@b20-ott-9-3841] 3) have Child--Pugh stage A or B liver function; 4) been diagnosed with a resectable tumor;[@b21-ott-9-3841] and 5) been diagnosed with HCC based on postoperative pathology.

Patients were excluded from the study if they: 1) had a history of preoperative therapy; 2) had other malignant tumors or extrahepatic metastases; 3) PVTT location expanded to the main trunk or more; and 4) patients with HCC recurrence within 1 month.

The classification of PVTT was performed according to the guidelines of the Shanghai Eastern Hepatobiliary Hospital, Second Military Medical University: type I, tumor thrombosis involving the second class or above portal vein branches; type II, tumor thrombosis involving the first class portal vein branches; type III, thrombosis involving the portal vein trunks; and type IV, thrombosis involving the superior mesenteric vein or inferior vena cava.[@b20-ott-9-3841]

Blood tests included routine blood examination, liver and kidney function tests, alpha fetoprotein, and electrolyte test. Moreover, imaging tests, including chest radiography, computed tomography, and magnetic resonance imaging, were also performed for these patients. Nevertheless, ultrasound test was also needed.

Surgical procedure
------------------

All patients underwent hepatectomy and embolectomy. During the surgery, detailed data on tumor size (maximal tumor diameter), degree of liver cirrhosis, blood loss, operating time, number of tumors, and PVTT location were recorded.

During the operation, PVTT was ultimately identified by intraoperative ultrasonography. Clamp crushing method was used for performing hepatectomy and Pringle maneuver was used to occlude the blood inflow of the liver distal to the PVTT. If the PVTT was located within the resection line, both HCC and PVTT were removed. If the PVTT was beyond the resection plane, the PVTT was extracted from the opened stump of the portal vein. After flushing with normal saline and confirming that no PVTT remained, the opened stump was closed with continuous sutures.

Adjuvant TACE procedure and management
--------------------------------------

Adjuvant TACE was performed only once in the first postoperative month. Seldinger technique was used to conduct the TACE procedure. After the injection of a mixture of 50--100 mg cisplatin or oxaliplatin, 30--50 mg doxorubicin, and 5--10 mL of lipiodol, embolization was performed. No patients underwent superselective TACE.

Adjuvant RT procedure and management
------------------------------------

Adjuvant RT was performed in the first postoperative month. A 10 mV linear accelerator (Aowo International Technology Development, Shenzhen, People's Republic of China) was used to perform three-dimensional conformal RT in patients who underwent RT. All the patients were trained to breathe in the supine treatment position with both arms raised above the head. A daily fraction of 2.0--3.0 Gy was delivered four times per week. RT was performed only for 1 month postoperatively. Total radiation dose was around 40 Gy (range 32--48 Gy). Both resection margin and portal vein were chosen for delivering RT.

The choice of adjuvant treatment
--------------------------------

Each patient received computed tomography scanning in the first month after hepatectomy. Any patient detected with susceptible residual PVTT was included in the RT group, while other patients were included in the TACE group.

Follow-up
---------

Patients were asked to come in for postoperative examination every month for the first 3 months, every 2 months for the following 6 months, and every 3 months for the next 6 months.

For follow-up examinations, the following tests were required: blood tests including routine blood examination, liver and kidney function tests, alpha fetoprotein and electrolyte test; and imaging tests including chest radiography, abdominal ultrasound, and computed tomography/magnetic resonance imaging. Recurrence was defined as new HCC lesions being present on computed tomography or magnetic resonance imaging with or without abnormal alpha fetoprotein levels.

Patients in the two adjuvant groups (TACE groups and RT group) only received adjuvant therapy once. After that, all patients (n=92) were given the same treatment. Once the recurrence of HCC was discovered, surgery, local ablation therapy, and/or regional or systematic therapy were performed depending on the status of the recurrent tumors, liver function, and general physical conditions. Patients with poor liver function or very advanced HCC were treated with palliative therapies.

Patients who could not be found or connected were defined as reaching the endpoint. The endpoint of OS was patients' death and the endpoint of DFS was HCC recurrence and death. If recurrence of HCC was not detected in patients before their final follow-up, DFS was considered equal to OS.

Outcomes
--------

The primary outcomes in our study were OS and DFS. We compared these two outcomes within three groups in order to find out which therapy is most efficient and safe. The secondary outcomes were adverse events (ADEs). Moreover, subgroup analysis depending on PVTT type was also performed. We aimed to find out the most efficient therapy in selected patients.

Statistical analysis
--------------------

All data analyses were performed using SPSS 19.0 (IBM Corporation, Armonk, NY, USA). The threshold of statistical significance was defined as *P*\<0.05. Normally distributed data were expressed as mean ± standard deviation, while asymmetrically distributed data were expressed as median (range). The Kaplan--Meier method was used to calculate survival time (OS and DFS). Factors significantly associated with OS or DFS were identified by univariate logistic regression first. Then all significant univariate factors were examined by multivariate analysis using a stepwise logistic model.

Results
=======

Characteristics of the study population
---------------------------------------

From 2009 to 2010, 95 potential eligible HCC patients with PVTT were included in this retrospective study. However, three of them were found to have recurrence of HCC within 1 month, thus these three patients were excluded. Finally, 92 patients with PVTT were enrolled (conservative group, n=51; TACE group, n=31; RT group, n=10). The basic characteristics in all the three groups were similar ([Table 1](#t1-ott-9-3841){ref-type="table"}).

OS
--

Median survival time was 8.99±1.03, 21.91±3.60, and 14.53±1.61 months for the conservative, TACE, and RT groups, respectively. Both adjuvant groups (TACE vs conservative, *P*\<0.001; RT vs conservative, *P*=0.017) showed significantly longer OS than the conservative group. However, the difference between the TACE and RT groups was not significant (*P*=0.716). The 6-, 12-, and 24-month OS rate was 49.0%, 19.6%, and 6.1% for patients in the conservative group, and 80.0%, 53.3%, and 31.8% for patients in the TACE group. For patients in the RT group, the 6- and 12-month survival was 88.9% and 71.1%, respectively. Data are shown in [Figure 1](#f1-ott-9-3841){ref-type="fig"}.

We conducted a multivariate analysis and found that treatment strategies (hazard ratio \[HR\] =0.411, 95% confidence interval \[CI\]: 0.266--0.635, *P*\<0.001) and PVTT type (HR =4.636, 95% CI: 2.749--7.816, *P*\<0.001) were independent prognostic factors for OS.

Disease-free survival
---------------------

Median DFS was 6.51±1.44, 13.98±3.38, and 14.03±2.40 months for the conservative, TACE, and RT groups, respectively. Both adjuvant groups (TACE vs conservative, *P*=0.014; RT vs conservative, *P*=0.004) showed significantly longer DFS than the conservative group. However, the difference between the TACE and RT groups was not significant (*P*=0.078). The 6- and 12-month DFS rates were, respectively, 19.2%, and 9.9% for patients in the conservative group and 45.3% and 28.8% for patients in the TACE group. For patients in the RT group, the 6-month DFS rate was 66.7%. Data are shown in [Figure 2](#f2-ott-9-3841){ref-type="fig"}.

We conducted multivariate analysis and found that treatment strategies (HR =0.423, 95% CI: 0.276--0.648, *P*\<0.001) and PVTT type (HR =4.351, 95% CI: 2.328--8.134, *P*\<0.001) were independent prognostic factors for DFS. According to the recurrence status, we conducted multivariate analysis and found that treatment strategies (HR =0.459, 95% CI: 0.227--0.928, *P*=0.030) and PVTT type (HR =2.908, 95% CI: 1.016--8.323, *P*=0.04:7) were associated with HCC recurrence.

In patients with recurrence, almost all patients were detected with intrahepatic recurrence of HCC, except 12 patients who were detected with extrahepatic recurrence of HCC (conservative group: five patients had occurrence of lung metastasis, two patients had occurrence of bone metastasis; TACE group: lung metastasis was seen in four patients; RT group: bone metastasis was seen in one patient).

Adverse events
--------------

No treatment-related deaths or serious ADEs was observed in our study. We found that patients in the TACE group had a higher risk of occurrence of nausea or vomiting (*P*=0.003). Other ADEs were similar among the three groups ([Table 2](#t2-ott-9-3841){ref-type="table"}).

Subgroup analysis depending on PVTT type was performed, and we found that patients with PVTT type I (n=53) had significantly longer OS than patients with PVTT type II (n=39) (18.43±2.88 months vs 11.59±1.45 months, *P*=0.035). This subgroup analysis was also conducted in the conservative group (PVTT type I: n=30, 11.34±1.70 months; PVTT type II: n=21, 6.20±0.64 months, *P*=0.003), TACE group (PVTT type I: n=17, 26.30±3.62 months; PVTT type II: n=14, 17.58±4.29 months, *P*=0.025), and RT group (PVTT type I: n=6, 16.75±1.21 months; PVTT type II: n=4, 9.75±1.53 months, *P*=0.034). The results showed that patients with PVTT type I had significantly longer OS than patients with PVTT type II. Data are shown in [Figure 3](#f3-ott-9-3841){ref-type="fig"}.

Discussion
==========

Patients with PVTT have been shown to have a poor survival rate.[@b5-ott-9-3841] Surgery has been proven to significantly prolong survival in HCC patients with PVTT.[@b22-ott-9-3841] Moreover, postoperative adjuvant therapies would also prolong OS than surgery alone.[@b9-ott-9-3841],[@b13-ott-9-3841] Adjuvant TACE has been proven to be safe and efficacious[@b23-ott-9-3841] and adjuvant RT could significantly prolong the DFS and OS in selected patients.[@b18-ott-9-3841] But the comparison between these two adjuvant therapies is rare to find and most of the evidence comes from retrospective studies, which should be regarded with caution. We aimed to find out the difference between adjuvant TACE and adjuvant RT in this study. Our results suggested that both adjuvant therapies could significantly prolong OS and DFS.

TACE procedure used to be contraindicated in patients with PVTT. This was attributed to hepatic necrosis induced by the interruption in the hepatic arterial blood supply.[@b24-ott-9-3841],[@b25-ott-9-3841] After hepatectomy and embolectomy, TACE may be a safe and efficient procedure. Peng et al[@b23-ott-9-3841] studied patients undergoing surgical resection alone and TACE after surgical resection. They found that the median OS was better in patients with TACE after surgical resection (13 months) than resection alone (9 months). Fan et al[@b14-ott-9-3841] also found that patients with surgical resection plus postoperative chemotherapy (15.1 months) had significantly longer mean OS than patients with surgery alone (10.1 months). Another study also conducted by Fan et al[@b15-ott-9-3841] showed similar results. The purpose of postoperative adjuvant TACE was to eliminate the shed tumor cells by surgical manipulation of the liver or PVTT. Moreover, it also helps to destroy small intrahepatic metastases that may not have been detected preoperatively.[@b26-ott-9-3841],[@b27-ott-9-3841] Considering the earlier factors, postoperative adjuvant TACE could be effective and safe.

The use of RT in the treatment of HCC with PVTT is still controversial. The main reason is that the tolerance dose of the whole liver is much lower compared to the tumoricidal dose.[@b28-ott-9-3841],[@b29-ott-9-3841] The liver function adverse effect of radiation often conceals its positive antitumor effect. The advancement of technology has provided us with the means of delivering tumoricidal radiation doses to the partial liver. In comparison with whole liver irradiation, radiation adverse effect would be limited when patients receive partial liver radiation.[@b30-ott-9-3841] Patients with PVTT have been shown to have a poor survival rate; this may be primarily attributed to the great risk of intra- or extrahepatic metastasis induced by PVTT.[@b31-ott-9-3841],[@b32-ott-9-3841] Postoperative adjuvant RT aims to irradiate microlesions caused by tumor thrombus or HCC itself.

In our analysis, survival in patients with postoperative adjuvant TACE (21.91 months) or RT (14.53 months) was significantly longer than patients with hepatectomy alone (8.99 months). But the difference between adjuvant TACE and RT was of no significance (*P*=0.716). Similar results could be observed in DFS. Multivariate analysis was used to analyze the prognostic factors associated with OS, and we found that treatment strategies (HR =0.411, *P*\<0.001) and PVTT type (HR =4.636, *P*\<0.001) were the independent prognostic factors for OS. Similarly, the risk factors were the same when multivariate analysis was conducted in DFS (treatment strategies, HR =0.423, *P*\<0.001; PVTT type, HR =4.351, *P*\<0.001) or HCC recurrence (treatment strategies, HR =0.459, *P*=0.030; PVTT type, HR =2.908, *P*=0.047). In the earlier analysis, PVTT was the independent risk factor for survival outcomes. Then we conducted subgroup analysis according to PVTT type. In our study, patients with PVTT extended to the main trunk of the portal vein were excluded. According to the PVTT classification by Shi et al,[@b20-ott-9-3841] patients with PVTT type I had significantly longer survival (18.43 months) than patients with PVTT type II (11.59 months). Moreover, subgroup analysis was conducted in each treatment group, and we found similar results. The results of the study by Shi et al were similar to our previous study[@b9-ott-9-3841] and other studies.[@b20-ott-9-3841]

Since the survival benefit between the two adjuvant therapies was similar, we focused on safety. TACE has been proven to increase the incidence of lung metastasis.[@b33-ott-9-3841] Nevertheless, postoperative TACE could also increase the incidence of ADEs, including liver failure, bacteremia, and so on.[@b34-ott-9-3841] RT would increase the incidence of gastric perforation, gastric bleeding, serious bone marrow suppression, and so on, which is especially remarkable in postoperative RT.[@b35-ott-9-3841],[@b36-ott-9-3841] In our study, no serious ADEs and no treatment-related deaths were observed. We found that patients in the adjuvant TACE group had higher incidence of nausea or vomiting. No significance was found in other ADEs, including liver function impairment, infection, or pulmonary complication. Clavien--Dindo complication scoring system was also used to evaluate the ADEs in three groups and no significance was found. All these evidences showed that both adjuvant TACE and RT were safe.

Limitations
===========

The conclusions from our study should be interpreted with caution in light of several limitations. The biggest limitation was the study design. In our retrospective study, the treatment selection could not be decided, which may have led to selection bias. However, the patients baseline and medical records were similar among the three groups, which may reduce the selection bias. Second limitation was the sample size. Our sample size was small, especially in the RT group (n=10). This limitation may also lead to another bias. We searched many trials and analyzed their survival data and found that our results were similar. Thus, further studies with a large sample size and randomized design are needed to confirm our results.

Conclusion
==========

In conclusion, postoperative adjuvant TACE and RT may be a good choice for HCC patients with PVTT.
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###### 

Characteristics of hepatocellular carcinoma patients with portal vein tumor thrombus

  Item                        No therapy group (n=51)   TACE group (n=31)   Radiotherapy group (n=10)   *P*-value
  --------------------------- ------------------------- ------------------- --------------------------- -----------
  Mean age ± SD               49±11                     48±15               47±16                       0.794
  Sex (M), n (%)              45 (88%)                  29 (94%)            9 (90%)                     0.734
  Positive for HBeAg, n (%)   11 (22%)                  6 (19%)             3 (30%)                     0.777
  PLT, 10^9^/L                245±103                   259±119             301±121                     0.784
  Tbil, μmol/L                19 (12--28)               19 (13--30)         18 (12--33)                 0.975
  ALB, g/L                    37±4                      37±5                34±2                        0.952
  ALT, U/L                    49 (27--89)               46 (28--83)         42 (20--78)                 0.127
  AST, U/L                    47 (25--85)               44 (20--79)         45 (25--81)                 0.904
  PT, seconds                 14±2                      13±1                13±1                        0.967
  AFP, mg/L                   893 (199--1,210)          870 (510--1,210)    972 (674--1,210)            0.761
  Child--Pugh A/B             47/4                      30/1                10/0                        0.486
  Ascites                     2 (4%)                    1 (3%)              0 (0%)                      0.816
  Tumor size, cm              12±7                      10±4                11±6                        0.961
  Tumor number (≥3), n (%)    9 (18%)                   6 (19%)             3 (30%)                     0.666
  Cirrhosis, n (%)            47 (92%)                  28 (90%)            9 (90%)                     0.948
  Blood loss, mL              400 (180--650)            350 (150--600)      400 (200--650)              0.713
  Operating time, minutes     240 (180--400)            280 (200--420)      260 (180--420)              0.871
  PVTT type, I/II             30/21                     17/14               6/4                         0.927

**Note:** Normally distributed data are expressed as mean ± standard deviation, and asymmetrically distributed data are expressed as median (range).

**Abbreviations:** AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBeAg, hepatitis B e antigen; PLT, platelet count; PT, prothrombin time; PVTT, portal vein tumor thrombus; SD, standard deviation; TACE, transarterial chemoembolization; Tbil, total bilirubin.

###### 

Complications and adverse events in different therapy groups

  Complications                                        Conservative therapy (n=51)   TACE group (n=31)   Radiotherapy (n=10)   *P*-value
  ---------------------------------------------------- ----------------------------- ------------------- --------------------- --------------------------------------------------
  Nausea, vomiting, n (%)                              12 (24)                       18 (58)             2 (20)                0.003[\*](#tfn3-ott-9-3841){ref-type="table-fn"}
  Fever, n (%)                                         8 (16)                        11 (35)             2 (20)                0.130
  Pain, n (%)                                          30 (60)                       22 (71)             6 (60)                0.547
  Alopecia, n (%)                                      0 (0)                         1 (3)               0 (0)                 0.446
  Liver function impairment, n (%)                     6 (12)                        4 (13)              2 (20)                0.736
  Bleeding of esophageal venous plexus, n (%)          1 (2)                         0 (0)               0 (0)                 \>0.999
  Gastrointestinal hemorrhage, n (%)                   0 (0)                         1 (1)               0 (0)                 0.446
  Infection, n (%)                                     4 (8)                         3 (10)              1 (10)                \>0.999
  Refractory ascites, n (%)                            1 (2)                         0 (0)               0 (0)                 \>0.999
  Pulmonary complication, n (%)                        2 (4)                         2 (6)               0 (0)                 0.769
  Bone marrow suppression, n (%)                       0 (0)                         1 (3)               1 (10)                0.085
  Clavien--Dindo complications, grade I/II/III/IV, n   40/8/3                        23/6/2              7/2/1                 0.906

**Notes:**

*P*\<0.05. Subgroup analysis depending on PVTT type.

**Abbreviations:** PVTT, portal vein tumor thrombus; TACE, transarterial chemoembolization.
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